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ABSTRACT 


A  closed  breech  incremental  interior  ballistic  formulism  is  presented 
along  with  a  Fortran  b  computer  program  which  utilizes  the  system. 
Typical  input  and  output  data,  both  plotted  and  tabular,  are  included. 

A  unique  characteristic  of  the  system  is  that  it  avoids  the  inaccuracies 
associated  with  approximate  analytic  propellant  regression  expressions 
in  that  regression  rates  are  determined  by  a  tabular  routine.  Various 
pressure  gradient  expressions  are  investigated.  Correlation  of  the 
mathematical  model  and  computer  predictions  to  experimental  device 
firings  are  presented.  A  shock-driven  deflagration  effect  which  may 
be  initiated  during  the  ignition  transient  is  described  and  a  postulated 
correlation  parameter  defined. 
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SECTION  I 


INTRODUCTION 


The  basic  interior  ballistic  problem  of  any  closed  breech  gun  system  is 
to  determine  the  energy  release  and  corresponding  pressure  generated  by  the 
burning  of  propellant  in  a  variable  volume.  From  the  energy  balance  and  the 
equation  of  state,  the  pressure-time  or  pressure-travel  as  well  as  muzzle 
velocity  and  piezometric  efficiency  of  the  system  is  established,  thus  pro¬ 
viding  the  complete  ballistic  solution. 

The  results  of  the  analysis.  Section  II,  are  essentially  contained  in 
equations  (9)  and  (26)  which  are  in  an  incremental  form  specifically  tailored 
for  machine  computation.  Program  listing  and  typical  results  are  presented 
in  Section  III. 

The  analysis  in  Section  II  considers  first  the  energy  balance  of  the 
system  in  paragraph  A,  Section  II.  In  paragraph  B,  Section  II,  the  kinetic 
energy  in  the  propellant  gas  is  determined.  Also  investigated  are  various 
expressions  for  the  pressure  gradient  from  the  breech  to  the  moving  shot.  In 
paragraph  C,  Section  II,  the  constant  burning  surface  of  single  perforate 
propellant  is  demonstrated  and  a  tabular  regression  routine  defined. 

Section  IV  illustrates  the  comparison  of  the  presented  model  to  experi¬ 
mentally  measured  pressure  histories  of  device  firings.  The  experimental 
set-up  is  described,  and  a  shock-driven  deflagration  phenomenon  that  was 
encountered  is  defined. 
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SECTION  II 


ANALYSIS 


ENERGY  BALANCE 

The  Noble-Abel  equation  of  state  is: 


P(V  -  Tj)  =  nRT  (1) 

Where  1]  is  the  "covolume"  of  the  propellant  and  has  the  units  of  volume/ 
mass  which  arises  due  to  the  fact  that  the  combustion  products  are  not  perfect 
gases. 

The  central  property  of  the  propellant  is  its  "impetus,"  Fp,  which  is 
qualitatively  similar  to  the  c*  of  rocket  propellants. 

Fp  -  RTo  (2) 

Where  Tq  is  the  isochoric  flame  temperature  of  the  propellant  gases  and 
Fp  has  units  of  specific  energy  (ft-lb/lb). 

The  energy  equation,  following  the  techniques  in  reference  2,  for  the 
system  will  be 

Ei  =  E2  +  E^  +  E^,  vrtiere 

E^  =  energy  put  in  system  from  propellant  combustion 
E2  =  translational  energy  of  piston 
Ej  =  heat  loss  to  walls 

E^  s  kinetic  energy  of  unbumed  propellant  and  propellant  gases 
A  =  cross  section  of  bore 
▼c  =  initial  chamber  volume 
X  =  distance  from  X0  to  piston  base. 

The  instantaneous  free  chamber  volume  is  a  function  of  the  initial  chamber 
volume  plus  the  barrel  volume  exposed  by  shot  motion  minus  volume  occupied  by  un- 
bumt  propellant  and  combustion  gases.  Combining  equations  (1)  and  (2)  then  gives 

r  (^w  -  ^b)  -1 

P  [(vc  +  AX) - - - T|Nb  J  =  NbFpP 

PP  ~ T 

o 


(3) 


Thermal  and  chemical  energy  released  by  propellant  will  be 


E1  -  "bCv(To  -  T)  C*) 

Translational  energy  of  the  piston  will  be 
E2  =  1/2  mp  V2 


The  heat  loss  of  the  gases  is  proportional  to  the  distance  traveled, 
which  ( following  reference  3)  is  roughly  proportional  to  the  square  of  the 
velocity.  We  can,  to  a  good  approximation,  say  that 


Ej  =  1/2  0mA  V2 

Using  the  expression  developed  in  paragraph  B,  below,  for  the  kinetic 
energy  contained  in  the  accelerating  gas  and  unbumed  propellant,  we  may  write 

C  V2 

E4  =  1/2  V 

g6 


We  may  define 


mA 


rn 


6g 


Then 

Eg  +  %  f  EU  =  (1  +  3)(l/2)mA  V2  (5) 

Defining  Y  by  equation  (6) 

F  /C  T  (6) 

V  * 

Then  from  equations  (  4) ,  ( 5) ,  and  ( 6) 

fyfpCl  -  T/T0)  =  1/2  (Y  -  1)  (1  +  0)  mA  V2  (7) 

The  temperature  ratio  is  eliminated  by  the  introduction  of  the  equation 
of  state  to  give  the  fundamental  ballistic  equation 
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N„Fp-  Or  -  1)  (1  +  »  ^  V2  »  PAV  [  (VC  +  AX)  -(C»-  -  Ift]  (8) 

PP 

or  as  a  differential  form  of  equation  (8)  is  more  convenient  for  incremental 
computation,  differentiating,  and  taking  differential  chamber  volume  changes 
due  to  charge  regression  as  second  order;  this  is 


rp  -(v-ixi+so  "A-lf -I  -  Pa/if 


(9) 


Equation  (9)  provides  the  basis  for  the  complete  incremental  interior  bal¬ 
listic  solution;  however,  two  additional  functions  are  necessary  to  provide 
required  relationship  in  the  above  formulation. 


The  first  is  projectile  velocity  as  a  function  of  average  chamber  pressure, 
or  V  =  f  (Ps,  t,  mp) 

This  relation  is  determined  in  paragraph  B  below.  The  second  expression 
required  is  a  value  for  the  surface  exposed  to  burning  as  a  function  of  web 
fraction  burned. 


Nt  =  f  (PAV,  t) 


which  is  covered  in  paragraph  C  below. 


PRESSURE  GRADIENT  AND  GAS  KINETIC  ENERGY 


The  determination  of  the  pressure  gradient  in  the  barrel  is  central  to  the 
ballistic  solution,  as  the  velocity  of  the  shot  is  a  function  of  the  pressure 
at  the  shot  while  equation  (9)  gives  a  value  for  P^V*  The  density  distribution 
in  the  gas  is  also  required  to  give  a  value  for  the  gas  kinetic  energy.  The 
density  and  pressure  variations  are  determined  for  an  average  temperature  in 
the  combustion  chamber  of  TQ  and  also  for  an  average  temperature  of  7/10  T0. 
This  problem  was  first  studied  by  La’Grange  and  his  approach  introduces  the 
analysis. 


=  0 


(10) 


U 


and  assuming  constant  density 


ie  = 

dx 


0 


results  in  equation  (10)  being  separable  with  the  result. 


1  dp  dv 

0  dt  dx 


(11) 


Equation  (11)  is  integrated  with  the  boundary  conditions 


BD  1.  x  =  XQ  =  0,  v  =  0 


BD  2.  X  =  X 


=  V 


dx 

dt 


; 


V 

o 


dv 


dx 


v  =  Cx 

at  boundary  2 

1  dX 
°  =  F  dt 

then 

x  dX 
V  =  F  dt 


(12) 


(13) 


It  is  thus  seen  the  constant  density  assumption  of  La*Grange  will  directly 
result  in  a  linear  velocity  profile  for  the  gases,  equation  ( 13) .  Constant 
density  is  then  a  sufficient  condition  for  velocity  linearity,  though  not 
necessarily  a  necessary  condition. 


The  kinetic  energy  in  the  gas  using  the  above  approach  is  then 
EC  =  1/2  J^Apv2  =  Y  V2  J*  Ji-  dx  .  (1/2)  (1/3)  ApXV2 

but 


g 


5 


then 


Ee  =  (i/a)  (i/3) 


(14) 


CyV5  __  l/2  <Vf 
g  6g 


where 

6*3  for  the  La* Grange  solution. 

The  factor  6  was  introduced  by  Hirschfelder  (reference  3)  in  bis  extension 
of  the  work  of  Kent  (reference  4)  vdio  allowed  the  gas  density  to  vary  and  solved 
for  6  as  a  function  of  the  charge  to  projectile  mass  ratio. 

Solutions  of  the  form  6  =  f  (C^/m^g) 

are  useful  for  the  approximate  closed  form  ballistics  of  Hirschfelder  but  are 
of  less  utility  for  incremental  computer  solvable  interior  ballistic  system  dis¬ 
cussed  here.  The  results  of  La*Grange  (6=3)  essentially  state  that  the  energy 
in  the  accelerating  gas  is  equivalent  to  l/3  of  the  gas  mass  traveling  at  shot 
velocity.  This  is  a  good  approximation  at  velocities  vhere  the  gas  density  is 
almost  constant.  It  falls  apart,  as  would  be  expected,  at  velocities  where  the 
density  is  no  longer  uniform. 

For  incremental  computations,  6  is  most 'effectively  formulated  as  a  function 
of  shot  velocity.  To  do  thir,  it  is  first  necessary  to  describe  the  density 
variation  behind  the  projectile  as  a  function  of  shot  velocity.  It  is  then 
assumed  that  a  linear  velocity  gradient  exists  behind  the  shot  and  also  that 
isentropic  flow  relations  may  be  used  during  an  interval  to  describe  the  flow 
behind  the  shot. 

This  requires  that  the  flow  during  the  short  interval  considered  be  looked 
upon  as  "quasi-isentropic."  From  reference  5,  the  density  ratio  is  then 

2  -1/ v  -1 

»/p0  -  (i +  ^  w )  <15> 

The  question  then  arises  as  to  vtoat  temperature  should  be  used  to  define 
the  speed  of  sound  in  the  environment  of  the  burning  gases.  An  upper  bound  for 
this  temperature  would  be  the  isochoric  flame  temperature  of  the  gases  T0;  a 
reasonable  lower  bound  would  be  7/10  T0.  The  analysis  is  then  conducted  with 
the  above  values  as  bounds. 

The  results  of  equation  (15)  are  plotted  on  Figure  1  for  a  y  =  1.222  and 
an  RT0  =  375, 000  ft-lb/lb. 
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Density  Gradient  as  Function  of  Shot  Velocity. 


The  energy  increment  in  a  small  control  volume  of  gas  will  then  be 
%  ■  Pn  V»  AAXN 

^  r  (16) 

The  value  of  6;  for  a  given  velocity,  is  determined  by  performing  the 
numerical  summation  of  equation  ( l6)  on  a  digital  computer.  The  results  of 
this  procedure  are  plotted  on  Figure  2.  As  would  be  expected  at  low  velocities, 
the  value  of  6  approaches  3.0.  The  results  of  6  as  a  function  of  velocity  is 
then  fed  into  the  main  ballistic  program  as  data  and  allows  for  the  computation 
of  the  value  of  the  kinetic  energy  of  the  gas. 


PRESSURE  GRADIENT 

The  necessity  of  relating  Pg  =  f  (  P^y)  has  been  explained  above.  The 
approach  used  here  is  to  relate  Ps  to  PQ  by  two  independent  methods  and  then 
empirically  determine  a  P^V  to  Ps  relationship.  A  value  for  the  ratio  of  Ps/P0 
may  be  obtained  by  means  of  the  "quasi-isentropic"  assumption  used  for  densities 
above. 


V  -  1  v2 

2  gif 


-y/y-1 


(17) 


The  results  of  thi'  relation  are  plotted  on  Figures  3  and  k  for  the 
temperatures  T  =  T0  &  T  =  .7T0  respectively. 

Another  approach  to  the  pressure  gradient  solution  would  be  to  assume  a 
constant  temperature  process.  In  which  case  Euler's  equation  and  the  equation 
of  state  will  give: 

P  =  pRT  (  18) 

dp 

vdv  - -  (19) 

P 

combining  equations  ( 18)  and  (19)  and  integrating 
fV  vdv  =  _  I  J*I.dP 

J  o  J  P0  P 
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as 


■“  =  -RT  In  (Pg  -  P0)  (2 

The  results  of  equation  (20)  are  also  plotted  on  figures  3  and  ft.  The 
constant  temperature  equation  predicts  a  lower  shot  pressure  than  the  quasi- 
isentropic  relation.  To  relate  Ps  to  Pyyy  then,  a  heuristieal ly  reasonable 
approach  would  be  to  assume  that  a  relation  of  the  form 


Ps/PAV 


1 


with  ♦  >  1  would  be  satisfactory.  To  investigate  this  possibility,  it  is  neces¬ 
sary  to  develop  a  value  for  P/\y  vihich  has  only  the  gas  acceleration  energy 
accounted  for.  This  is  done  as  follows: 

p 

p  V  FHV  tj  «• 

o  c  PAV  Vc 


PAV/P0  *  1  -  26  gFp(T/T0) 


Using  the  expression  developed  for  6  =  fl(  v)  with  ♦  =  1.5  the  combined 
results  of  equations  (21)  and  (22)  will  give  a  value  for  Pg/PG  which  is  again 
plotted  on  figures  3  and  1*.  It  is  seen  that  this  value  of  ♦  gives  consistent 
results  for  both  temperature  extremes.  It  is  used  in  the  interior  ballistic 
formulism  to  relate  the  average  pressures  generated  by  equation  ( l))  to  the 
pressure  at  the  base  of  the  shot  required  for  the  equation  of  motion,  as  shown 
below. 

V  -  VQ  ♦  at  (25) 


[  *  2r  M=] 

a  pav  r 

L 


(y-l)  Vs  “I  -y/y-1 


Figure  U.  Shot  Pressure  to  Static  Pressure  Ratio 


Equation  (26)  thus  provides  the  necessary  relationship  to  solve  for  the 
projectile  motion  once  the  average  chamber  pressure  is  shown.  The  final  in¬ 
formation  required  is  an  expression  for  the  total  rates  of  combustion. 


GAS  PRODUCTION 

The  time  rate  of  gas  production  is  simply  written  as 


<1NB  rS 
dt"  S° 


In  most  prior  interior  ballistic  formulisms  the  approximation  r  =  BPn 
with  constant  N  has  been  made.  Frequently,  for  closed  form  solutions,  the 
often  questionable  assumption  that  N  =  1  is  made.  For  a  numeric  solution, 
however,  no  approximations  are  required.  Burning  rates  as  a  function  of  pres¬ 
sure,  for  currently  used  propellants,  are  tabulated  in  reference  7.  These 
values  are  read  into  the  program  as  data,  and  a  tabular  interpolation  routine 
in  Mie  program  determines  the  correct  burning  rate.  Thus  all  recourse  to 
Vielle’s  law  has  been  avoided. 

The  surface  of  burning  of  single  perforate  propellants  is  very  nearly 
constant  as  shown  below.  For  other  forms,  such  as  cord,  disk,  and  multiper- 
forate,  various  empirical  "form"  functions  exist  to  evaluate  burning  surface 
as  a  function  of  unbumed  web.  These  functions  are  covered  in  detail  in 
references  3,  6,  and  8. 


U) 

‘Wq  =  r^0  -  ri,o  for  a  propellant  with  Zfi.  «  l. 

■*•0 

Burning  surface  for  each  grain  will  be 

SI,o  .  210  tt  (r2  +  rx) 
after  a  burning  Increment  of  A  r 


thus  at  all  times  the  burning  surface  is  constant. 


2  2 

Volume  of  grain  =  1Q  tt  (ra  -Tj  ) 

N’  =  Number  of  grains/unit  mass 
Then  the  burning  surface/unit  mass  of  the  propellant  will  be 
SB  Sl  N»  2  10TT(ra+rx)  2 

PpVoN’  =  Pp  lc  "(**-*0  (ra+*i)  =  Pp  % 

or 

SB  *  m 

Thus  equations  (9),  (26),  and  (27)  plus  burning  rate  data  provide  the 

relationships  necessary  to  solve  for  peak  pressure,  muzzle  velocity  and  com¬ 
plete  pressure-time,  pressui^-t ravel,  and  velocity-travel  of  any  type  of  closed 
breech  weapon. 


SECTION  III 


COMPUTER  PROGRAM 


INPUT  DATA  AND  USAGE 

The  input  data  for  the  program  is  in  two  parts.  The  first  is  the 
burning  rate  and  impetus  data  for  the  propellant  and  may  remain  un¬ 
changed  as  long  as  one  type  of  propellant  is  used.  The  second  type 
card  d  Lineates  the  exact  parameters  for  one  given  case  and  will  change 
for  each  case.  Propellant  data  are  determined  from  the  tables  in 
references  7  and  9. 

PROPELLANT  CARDS. 


1st  CARD 


Columns 

Data 

Decimal  Point 

Units 

1-8 

Impetus  of  Propellant 

7 

Ft-Lb/Lb 

12-16 

Specific  Heat  Ratio  of 

Gases  13 

Dimensionless 

20-24 

Density  of  Propellant 

20 

Lb/In.2 

28-31 

Covolume  of  Gases 

30 

In.3/Lb 

33-36 

Propellant  Type 

Alpha  Meric 

2nd  AND  3rd  CARDS 


20  reference  pressures  -  10  per  card  from  500  to  200,000  psia. 

4th  AND  5th  CARDS 

20  burning  rates  taken  from  reference  7  at  pressures  listed  above. 

6th  AND  7th  CARDS 

20  reference  velocities  taken  from  0  to  12,000  ft/sec. 

8th  AND  9th  CARDS 

Density  distribution  factor  appropriate  to  propellant  used  and 
corresponding  to  velocity  listed  above.  Values  can  be  extracted 
from  Figure  2. 
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PROBLEM  CARDS. 


Columns 

Data 

Decimal  Point 

Units 

1-7 

Bore  Area 

4 

In.2 

8-14 

Chamber  Volume 

11 

In.3 

15-21 

Projectile  Weight 

19 

Lb 

22-28 

Barrel  Length 

27 

In. 

29-35 

Propellant  Web 

31 

In. 

36-42 

Heat  Loss 

40 

Dimensionless 

43.49 

Charge  Weight 

44 

Lb 

50-56 

Shot  Start  Press 

56 

Lb/In.2 

As  many  problem  cards  as  desired  may  be  loaded  after  the  data  for 
a  given  propellant  and  will  be  handled  sequentially  by  the  program. 
Data  in  the  above  format  is  illustrated  in  Table  I. 


RESULTS 

Typical  output  is  illustrated  in  Figures  5  and  6  and  Tables  II  and 
III.  Output  includes  time  from  propellant  ignition,  chamber  pressure, 
shot  base  pressure,  projectile  velocity,  chamber  pressure  slope,  and  dis¬ 
tance  traveled  for  a  typical  25mm.  The  two  sample  cases  are  identical 
except  for  a  decrease  in  charge  weight  in  the  latter.  Subsequent  to  the 
case  run,  additional  computations  of  extrapolated  muzzle  velocity  to  the 
specified  barrel  length,  ballistic  efficiency,  and  piezometric  efficiency 
are  also  made.  Following  each  printed  output  is  the  pressure-travel  plot 
generated  by  the  computer,  which  is  also  a  standard  output.  It  should 
be  noted  that  the  program  is  currently  set  up  to  run  single  perforate 
uninhibited  propellant.  For  other  forms,  a  proper  form  function,  as 
mentioned  above,  must  be  inserted  in  the  program.  The  heat  loss  facior, 
P,  has  a  value  of  between  .5  to  .4  for  a  25mm  and  will  be  somewhat  larger 
for  smaller  bores  and  less  for  larger  bore  weapons. 


COMPUTER  PROGRAM 

The  FORTRAN  Program  listing  used  is  given  as  Table  IV.  Run  time 
on  the  7094  computer  is  quite  short  (about  .05  second  per  case).  The 
program  number  is  958,  and  it  is  being  maintained  by  ADTC  (ADTVF-2). 


Case  Data 


TABLE  I.  PROGRAM  INPUT:  TYPI 


Kri 


:  TYPICAL  PROPELLANT  AND  CASE  DATA  CARDS 


TABLE  II.  COMPUTER  PRINTOUT  OF  20MM  PERFORMANCE  0.015  WEB 


OHA  O  >  «N  «M^l04MV»en84)<*)h»  O  />  O  Ctf)  9  9  lO  NMO  »n»*  ♦NN'flny  ^N®r*-n<llOOOlA  «  x 
JS  9>04>SO^*n«1)«S-<0>0^3)  f  ^  4  s  •**  3  >  A>0^^«N^nA>'\<0'V»iA(*IN-^M'n4«| 

T  44«N»oni/>e-*4BN^-».non«^-N»UNNO>N«4IXO*5«4(Ni^»®-0'i'4n(\i^O>X^4 

^^^(vtvivnn  4  4  /*  x  x  xi  £>  o  ««  «  «  inn^^^A4««  4  4  m  n«nnnnnonfyiv^% 


►-  ^«-*rvj2r*rv®mi/>^£>£>^>®£2®r-ooxorvx^o2o»rvo2rvjo*®4>®®©>«,i©»-.*®i\ 

m  -•r'-nAn^rHVjinjn*o«o^o'wo^n*oah‘4^fv<incn<io#«<i^N44W«^4<>o<i^<(v^ 

u  ••••••••••••• . . . 

o  «nn«9iAA9Noann^iT«n4'nir»«iV9^9*40«eosM*MMX^nN»«N9^<o<\<N^  t  x 

_i  ^(vn««2>onKoiro«^9Ki/'«mNNrx^"Oo»K«4^>«na<oAjim94>  4  2  4  ®  rn  r.  *. 

uj  ---N(N»nn#4^«NB>o«N(n4A^«N*»»o--^(nn#4iAiA««NM*ff 

>  _-,_.-,__,-..-,.-..-,.-,.-.<\,'vir\jrsj'\j{\jOjra:>*\<<\jivrw>ira'V-\ 


a 

o 


x> 

s/\ 


2 

a 


iflXiA'-#fl{M^o^onn#fl«®cnoivnBoiflofN(n»«MO>iA^«<*>4^084«**(n^(n# 


xi  -x  ©  ®  -•  rv  *-  x 
cno«  9  «  «  01 
£>mmx®£>o2 
£rvjtVrtX2-«rM 

4  X  O  XI 


i/in«  i^on^ 

/>n  rn  «  42^®xrvxxmrv 
►-«/>>  o  itn  n-*  a  whn  fWN 
0®®2£>~<XrVI®£>0«£>r-» 

(MHO  42XX42F^®0£>4 
09(MT  IVS®9IMO<49KfW 
■4  r-  f\j  f-  f  a^Nn4-«ip»4 
rvmx£r-^^£xri^®xn 


rv  rvi  ©  4  ®9NNNn4n«o®<4  9nM  2  «m>4  4  «  « 
X  ©  ®  '■X  >CV^-»-*£~-*®<M®^-»^-«0<>XfV^-^2  4* 
®|T»N{V4^44N  4-OOnoN»-*t-^-^Kll«^r 
no®  tno>miA<4>ira«<io4 

n  n  04  ®x*-££®r»o-*x  mn^^-o4« 

£>  -*  x  m  r-  -•  ®  4n»«Kn®®or\i4®na>«'coN^o/ 

CON^  -*<M*1A  N®®n-«C  AHOS4  OjO  lf»  4  N  O  ^  h 

-•  -•  rv  4  inin«®®®®®®miAiAiA44  4  ncmnnuwis 


4 


uj 

I 

O 

X 


o 

ui 

£ 

X 

3 

X 

& 

o 

3 

a 


•*.©>©rvr»~4-  4  X  m  > 
M«»40«4(VNn<  O 

00  o-*Nfvn  4  xi  c  ^  2 

cocoec  3  c  o  o  c  c 


rv~-xrv~»rvrn>i,'-''*‘  2  xi  4  4  -•  xi  4  ®r»r\i-*xx-*.xx  -•^  €  <M)  4  £  X  -•  4  /»  x 

NiT4kT.  ^c4>4o  c  n  ^  x  -*  £>-*x2rn£>xoxmm  44mrv— 'ca>£4  —  x>  f 

o  (M4«c  -  x  —  4  x  >^m£>®on)/»r-2-*m£*-2  ^  N  4  «  x  2  - 

^^^^^(V(VMMIM4Wnnr«4  444®lT®®i«C4C^^^NM®l®a  X  4 


o 

>  4 


® 

X 

u 


r 


x 

'^i 


C 

2 

£ 


> 

4 

3 


*44  9  8  ^X  C 

c  e  c  —  r;  4  •*■ 

C  3  0  3  3  0  3 


2  £  r*  2  2  rv  rv  c  x  a  nr  c  »r  *  e  rv  rv  —  ^  —  *-*“*»—**  £xx  4  rv  a 

?rxrc>>-4C>C4C^\N,nX  3  £X£C^X£24—  C  C 
o  —  -•ojri'i44^j‘o,nxr3  4  n  2  4  2  4o/*-«*“'no^4-' 


x  n 


4-  2 
X  3 


£  x  r  r  i  v 

X  X  c  r  <  ^ 

x  4  r  n  —  3 


~  ~  —  —  rv  X#  X  m  l*.  44.T££^^*2  ^C--Vr44J-XM  3 


T 


I 

3 


XI 


X 

e 

X 

3 

c 

•*» 

X 

f 

V  r» 

X 

3 

£  — 

£ 

X 

X 

2 

rv 

_ 

*V 

mrn 

£ 

r 

4 

£ 

£ 

4 

p*. 

4 

£ 

£ 

C 

2 

rv 

r- 

£ 

r 

£ 

<v 

2 

4 

£ 

— 

£ 

4 

\ 

u. 

(V 

*» 

a 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

■ 

• 

• 

• 

• 

• 

• 

• 

■ 

■ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

» 

rv 

c 

X 

4 

rv 

x  rv  rv 

**» 

X  2 

r- 

mm 

c 

K 

4 

r*. 

mrn 

4 

4 

X 

r- 

f- 

r-  2 

£ 

X 

X 

C 

mrn 

4 

r» 

X 

4 

rv 

2 

£ 

C 

n* 

a 

4 

4 

£ 

e 

m 

m 

£ 

a- 

X 

c 

X 

c 

r» 

X 

c 

3 

X 

*>- 

4 

rv  a 

**• 

c 

2 

2 

2 

"> 

£ 

— 

2 

4 

*r 

2 

r 

~ 

«— 

X 

2 

mm 

mm 

X 

£ 

2 

X 

/ 

*v 

£ 

£ 

r* 

X 

2 

■w. 

•». 

X 

_ 

X 

^ 

• 

c 

2 

c 

a 

C 

4 

3 

a 

c 

IT 

r.  4 

« 

a 

rv 

K 

a 

4 

a 

£ 

r, 

X 

c 

X 

mm 

2 

rv 

.— 

X 

4 

X 

4 

K 

_* 

X 

c 

X 

mm 

X 

X 

r* 

a 

rv 

rv 

rv 

r* 

X 

»** 

2 

X 

4 

4 

4 

£ 

r» 

X 

c 

X' 

a  — 

4 

X 

X 

— ■ 

£ 

C. 

4 

c 

rv 

4 

4 

J 

4 

4 

r1 

«— 

C 

a 

X 

r* 

rv 

c 

a 

*» 

£ 

4 

r 

rv 

«_ 

* 

2 

3 

»w 

£ 

X 

4 

4 

> 

X 

—  rv 

(V 

rv 

r 

r. 

4 

4 

X 

£ 

4 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

£ 

a 

St 

X 

X 

X 

si 

4 

4 

4 

4 

4 

4 

4 

4 

4* 

r\ 

m 

■"n 

r- 

r. 

r 

U- 

U.' 

c 

u 

o 

c 

3 

c 

4 

rv 

X 

m 

c 

u 

UJ 

X 

>▲. 

c 

C 

mm 

mm 

«■* 

rv- 

•v 

rv  *v 

n 

*n 

r> 

*n 

4 

4 

4 

4 

•X 

X 

X 

X 

£ 

£ 

£ 

C 

»» 

**» 

X 

T 

T 

X 

2 

2 

2 

2 

C 

C 

~ 

C 

mm 

X  rv 

X 

X 

5 

3 

c 

C 

c 

C 

c 

o 

c 

o 

c  c 

c 

c 

c 

c 

C 

C 

C 

C 

c 

c 

c 

c 

C 

C 

C 

C 

c 

C 

C 

c 

c 

C 

C 

c 

C 

c 

C 

c 

mrn 

mrn 

mm 

mm 

■P« 

mm 

m- 

c 

c 

c 

c 

c 

c 

c 

c 

c  c 

c 

c 

c 

c 

C 

3 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

C 

c 

c 

c 

c 

r- 

C 

<* 

C 

C 

C 

c 

c 

c 

— 

C 

c 

r 

• 

? 

• 

o 

• 

• 

• 

c 

• 

• 

• 

• 

C  3 

•  • 

• 

c 

• 

3 

• 

• 

• 

C 

• 

3 

• 

C 

• 

c 

• 

• 

• 

c 

• 

o  c 

•  • 

3 

• 

c 

• 

• 

• 

3 

3 

• 

~m 

• 

• 

c 

• 

» 

• 

o 

• 

• 

3 

• 

• 

• 

• 

• 

• 

• 

c 

• 

m 

c 

■ 

• 

c 

c 

X 

XI 


a 

c 

x 

a 


16 


L 


©  •  o  a  c-  i%  ©  >*prv«^(*»2-*>iV2(n©  2  ®rv2.*n*©x>®®*po^i 


moo©*  ©  ®  o  ®  r>  —  e  «  -  >  ®2(VX>o©r>p*ooo(V©  «o  ©  *  m  2  ©t  (V 

^M*n  ♦  «  >«»mk  «ia«o^^o«nosmnes««^os««n**»s4ir« 

**  ©  2  «  ©  ©  ©>  ©  ©  rt  m  iv  o  2  2«*»4)©©ix»©  ©r*(n»n(VfV(V****p*e©©©22222®®®©®*«**-*“^r* 

hhnn  iv  *v  —  **  **  v*  v*  v* 

rtONf«M^4N«»^rt«n*Nn»«-OC»«»«NO4l0®rt4n©»-N©©*N««f4»©m>©in 
o  ©  ©  (m  i»-  on«9m»h9Cn^90Mar»4iNmN^Nnnca«  ©>iv©Mn»»©2©©‘©©(n©(vr'»**^©***«* 


<NN^  ♦(fl4J^nOKftlf*OM^MO#4»<lNOI 
2  tcnK^/i^fi^o^N^^Koro^aotnirv 
©  -^  r®  ©  ©  >>pcH--«iMMn«nn#  ©  ©  ©1 

*v  tv  *v  iv  M  V  ,w*4t>»a«n««rt'p‘«n«*H,,H,m«nf 


1  c*  ©  ©  ©  n  k  +  *+  rs  m  ©  ®  m  ^  ©®^©©o^#n©© 

►  (V©  «BONnirN9  OMmr©®»-<\jr>ir©N«o^Mn 
iin©inirt©©©©  ®©i-»*-*-^*.^f»®»®®«®®2222 
irt«fl«««(»Mnrtrtnn(nrt(nrtartnnnrtrtrt<n«rtrt 


©CN«n^lON9N**l«SHOM«CilM0  0O>«»©OrtOp^! 


1  ©  ©^K©^Mfl©»MM<n-®-©mn-i 


m  ©  ©  0\fn«o-*o0K-«®»-f®in4mMr4  ©  p-  0  ©  ©>  2  «»  ©  ^*«iv©»«^-2fvfv©  hobs  ♦  - 

^  —  ©>-•»©>  ©~*©©^~«©2  ©  ^  0  ^  t  o-m»^  oiM^oiVBOBNonn^tfi©  os  /» 

»MM®Kr>oec>04»(VN®«^n0-»f*i«»iPON0-rt0O®K  r*  2  2  ♦nNe©®r»-o>»-N®» 
'©®~*®2©(V^*-©®r*©>2^^©©2(V®p*— ©t©©©22©©>©(V©l®**2(V©(V©©®(V^2*“2©9-2(n® 
>•  -  «  o  ©«  ^iy<4^ooiMNOBN©N®^MNa©©^0©©®©©NiM©n©Mn^N©9®n<n©N*«©ao 


-©©(Vo  2^®©rtiv»-*o©>iV2©©(Vo®F*©i©iv~o20^©©©t'©  ©m«V(V~«v«ooo222®®®*»^>^>^® 

Mnn(*ir>MAHMM(MNiMiv©©fn(nn(*mM(VN(W(WN(v^M*«^^M^^M>«^^^^M^i  iiiiiiiii  1 


©  ©  ©  —  ©  ®'v*»©c2©>>222>2222222>2>>222  >2222222222222222222222 
o  ®  ©  ©  —  ®  X  — ®  ©  2  ©  o  o  20000c  oooc  coocoooooooocc  ooooecooeooeoooo 
*■•  (V  ©  ©  *  2  —  i,n©©**2-*  —  ~**^p*~* —  ~*p*~-**-*--*vpv-vpvpv-.*vpvpp*v-vp*-vpvpv*vpvpvpvpvvpvp 
®X0®  x©  99  e  c  oooooooooococccecooc  coeoocooocccoooeeeoe 


►  © 

X 

r- 

r- 

© 

in 

C 

©  X 

©  — 

®  © 

©  <*  © 

©  — 

X 

©  X 

(V  ©>  ©  m  K  ® 

© 

©  «x  x  a  (v 

(V  ^ 

^.v-^lrfn©f»»©c(9(nc 

V-  ©  X 

r-  ft  (V 

1  X 

X 

c 

r+ 

■*» 

mm 

c 

© 

y  %  x  c 

©  »■»  — 

y 

©  (V 

X  x  (V  **  rv  X 

X 

\  C  *  N  ^ 

x  e  in  ©  ^  ©  © 

*  i»>  n  e*  9 

X  *-  X 

X  !■*  <■* 

1  X 

© 

r  m  v- 

2 

y 

** 

©  X 

©  © 

n  *n  *v  (v  iv 

rv  v 

rv  m  m  m  ©  © 

X 

O  1- 

A#  ©  X  ©  ^  9  © 

•m  fn  ©  ©  ^ 

2  —  V 

©  ©  X 

o 

© 

+*■ 

X 

2 

y 

C 

~  iv  r»© 

X  4>  ►*  X  2 

© 

fiat  ^©n®9c 

M 

fC  r»  ©  in  ©  ®  2 

O  vp  iv  m  ©  X  ^ 

%y  e  mmt v  mx  ©  k  x  o 

o 

►- 

•  «— 

pp 

mm 

mm 

mm 

mm 

•vivivivivrVfVivrviv^rNrAin^immi^fnfn© 

© 

©  ©  ©  ©  © 

©  © 

xxxxxxxxx© ©©©©©«©© 

u 

Z 

Ui 

Ui 

*> 

O 

2 

2 

uj 

Ui 

a 

X 

2 

© 

• 

V- 

• 

2 

Ui 

fn 

>  mt 

© 

© 

•m 

© 

9 

V 

r 

%  rv 

©  c 

•*•'  © 

XXX 

-n  © 

pr- 

©  IN 

x  c  c  —  y  9 

© 

©  X  X  IV 

—  X 

r  —  ©  X  (N  T  2 

©  -n  x  —  © 

^20 

©  r*.  c 

u> 

r* 

1  • 
►  < 

• 

• 

• 

• 

• 

• 

■ 

•  • 

•  • 

•  • 

•  •  • 

•  • 

• 

•  • 

• 

•  •  •  •  • 

•  • 

•  •••••• 

•  •  •  •  • 

•  •  • 

•  •  • 

U 

c 

m 

m  © 

mm 

© 

X 

C  K 

©  © 

(\  y 

—  a  © 

K  X 

© 

X  2 

m  ©  -r  (v  ©  k 

9 

if  r  \ 

•-  © 

©  m  ©  X  ©  C  X 

X  —  ©  e  ~ 

©  ©  c 

2  X  K 

VP 

•  «■! 

••hi 

r*» 

\ 

p— 

J 

X 

X  X 

©  c 

©  © 

(V«  ©  X 

©  c 

V 

f**  — 

©  C  C  ~  2  (*- 

X 

in  r  ©  ©  ^ 

*-  © 

iv  c  2  y  —  ©  ^ 

X  x  ©  v  z 

2X2 

2  —  f*» 

“V 

►  (V 

(V 

r* 

X 

f» 

y 

in 

X 

X  (V 

©  — 

X  C 

2  «  * 

y  mm 

(V 

X  X 

vp  X  2  ^  K  IV 

+* 

"N  X  ©  ©  © 

!•>  9 

©  r*  o  ©  ©  —  ® 

©  m  —  2 

©(VC 

X  K  X 

• 

X 

;  9 

X 

«•> 

© 

X 

© 

© 

f* 

fv  in 

p—  p— 

c  c 

X  *»  © 

r  x 

© 

f**  (V 

(V  —  c  c  o  y 

X 

J  N  N  K© 

©  X 

x  x  ©  ©  ©  ©  *r 

i^.  i*-,  r*.  (V  (V 

(V  IN  (V 

VP  A  VP 

X 

V 

r  «■“ 

m 

r*n 

1~- 

r. 

1* 

p- 

f  m 

r»  m 

f  f*N 

♦N  (N  IV 

(V  (V 

(V 

IN  IV 

IN.  I\  *V  IN  mm  mm 

P*P 

VP  VP 

VP  VP  VP 

M  ^  ^ 

in 

IN 

mm 

2 

>► 

r* 

u 

u. 

© 

X 

Ui 

3 

X 

VP 

X) 

VP 

u 

'X 

VP 

UJ 

► 

u. 

•  M 

mm 

p« 

(V  IN 

IN 

*v 

tm  p* 

^  © 

©  © 

©XX 

X  X 

© 

©  © 

{  K  h.  N  K  X 

X 

T  X  9  y  9 

9  © 

0  2  2  mm  mm  mm  mm 

IV  M  (V  IV  1^ 

m  r*>  n 

©  ©  © 

2 

V- 

u 

»  P* 

mm 

VP 

mm 

VP 

mm 

VP 

mm  mm 

^  mm 

mm  ^ 

mm 

mm  mm  mm  mm  mm 

mmtM 

A/IV(V(VAilVfVrVM(V(N(V 

IN  IN  IV  (V  IV  IV 

a 

VP 

u* 

‘  c 

C 

c 

c 

c 

c 

rr 

c 

C  C 

c  c 

c  c 

c  c  c 

C  C 

c 

c  c 

C  C  C  C  C  C 

2 

C  C  2  C  C 

C  C 

c  c  c  c  c  c  c 

c  c  c  c  t 

c  ©  c 

c  c  c 

C 

r  c 

c 

c 

2 

c 

2 

2 

2 

c  c 

c  o 

©  c 

2  O  C 

C  © 

© 

©  © 

©  c  c  c  ©  © 

o 

2  ©  ©  ©  © 

c  o 

2  C  2  2  ©  C  C 

C  2  C  O  C 

©  c  © 

2  0  2 

u 

O 

u 

i  • 

• 

• 

• 

• 

■ 

■ 

• 

•  • 

•  • 

•  • 

•  •  • 

•  • 

• 

•  • 

• 

•  • 

•  •  • 

•  •  • 

J 

V 

X 

Ut 

X 

> 

►- 

UJ 

Ui 

a 

UJ 

z 

c 

-J 

c 

•SI 

Nl 

N. 

Ui 

IV 

Ui 

VP 

3 

VP 

a 

Z 

a 

18 


CORHFCTCO  HtEZONtTKIC  EFFICIENCY  IS  37.9  Pt-KCENf 


ens  (CHIME*  MEJJWE  II  PSI) 


BDIS  (DISTANCE  IN  INCHES) 

figure  5.  Graph  of  20min  Performance  0.015  Web. 


lj  The  reverse  of  this  page  is  blank.) 


TABLE  III.  COMPUTER  PRINTOUT  OF  20MM  PERFORMANCE  0.020  WEB 


X 

X 


a 

x 


o 

o 


©^♦n>#oNM4  a  \  fi  y  *  t  >  y  ^  d  vn**  <  ♦  ^  o  n*<  ♦  A 

3^/iA‘»3<-y>-<ifNo>^«?-or4<iif-«riA«\?<n\oy^««flO^*y-^oyv 
0  o\«trt  ©  rv  a  x  —  m  a  9  -•  ♦^►“tyy>>ytNO^#ftj-o>xc^^,,>«M-'oyTt<f^/i 

_<v,rvjrsj*\j«**r>'-)r>#  x  x  x  x  ♦  ♦  ♦  *  x  ♦  ax  «  «  «  AA~»'n'nr»r>r>'*>m<*>‘V'V'V'v'Vfvrv 

n  co  o /t  i)  /t  cyj  /  y  y  o  /  y  AAA  —  o^A^A  —  *i*4«*on9  />#S  ti^«  n  «itoxn*40/trw  y  org  y  t  n 
-*4-fg-*of\jy^oo  «  r  y  x  n  **-  ♦rgxyx«-n«o/n\MyMyy-^  xfg»^4r«oyrgon^y  «  o  «  <  £ 

a  m  rv  rv  x  x  «(v«»Ntn\«««'*i«x«NMOMy<N«!M<NN«N«y>ciro«AOiiM  x>  x  «e  y  y  x 
—  rv  r>  x  a  p-.  9  —  m  oonN-o-M^y  a  r»  —  x>  <  n  -  y  <#  trrg  y  .r-smy  inoiAo  a  o  a  >  m  ^  —  it  > 
^^^^Mvn>n««AA<NSxyo«««'gn««A<ANi  *99©— — xx^^oa  a  a  a  a 

—  —  —  —  —  —  —  -v  .  v  V  V  v  \  gM  grgm 


ui 


X 

r» 

a a  a 

a  — 

M  A 

►*•  A 

9 

r»  a  a  *■,  —  — 

x  r>  9 

9 

o 

o 

— 

••XIX 

•»* 

c 

♦ 

N  X 

— 

— 

* 

rv 

X 

X 

X 

X 

— 

r\4 

—  # 

X 

fV 

■ta. 

a 

V  A  « 

!S 

A 

X  X 

a  — 

—  A 

a  ^ 

A 

C  -  «lTCm 

y 

X 

•>• 

c 

n  a  o 

X 

rt* 

9 

9  X 

9 

* 

IT 

X 

X 

Pk. 

**. 

o 

y  f\. 

X 

o 

fw 

c 

c 

*r 

3  X 

p»* 

a 

♦ 

O  >4 

A 

®  ^ 

*V  A 

9  O 

♦ 

■gayy  oa 

y  *  < 

s 

— 

9 

X 

X  PW 

— 

© 

A 

IT 

o  o 

♦ 

art 

■a 

n 

X 

X 

3  M  M 

X 

n 

X 

■n 

■»- 

X 

/I  ♦ 

o 

A 

m  © 

rt* 

a  — 

n  X) 

A  o 

O 

a  oy  *N  A 

on  t 

o 

art 

rv 

X 

X  o 

© 

x 

X 

O 

art  art 

X 

9  A 

9 

•k. 

X 

x  y 

X 

o 

m »». 

o 

<*> 

3 

X 

o 

•k. 

D  X 

rsj 

A 

o 

9  r* 

J t 

x  a 

X  OJ 

«  o 

o 

A  9  X  A  A  r-a 

*N  A 

rt* 

X 

K. 

— 

x  y 

n 

o 

9  r> 

a  o 

♦ 

art 

• 

9 

X 

X 

o 

o 

> 

*M  X 

> 

rvj 

X 

\ 

♦ 

o  y 

X 1 

UJ 

A 

r»  A 

A 

X  P- 

9 

—  ^ 

A 

Aynoo- 

fVJ  *-  9 

y* 

prt 

r» 

t  V  A  ►«■ 

n 

r» 

IM  X 

x  y- 

X 

X 

X 

o 

p^ 

m+ 

X 

►» 

o 

O  fXj 

«• 

o 

X 

X 

rg 

> 

—  X 

r- 

X 

A 

—  A 

A 

N  O 

♦  X 

a  y 

r» 

AO®|Of» 

—  X  r^ 

x 

X 

X 

X 

X  9 

m 

X 

IT 

X 

X  IT 

X 

^  9 

A 

a 

O 

Ki 

<n« 

■> 

X 

x  n 

o 

X 

n 

o 

X 

r> 

♦  fVJ 

— 

X 

9 

«  y 

a 

—  y 

X  (VJ 

9  in 

rv 

x  a  o  a  r«*  a 

o  m  rv< 

c 

X 

x 

X 

X  — 

9 

X 

A 

—  IT 

X 

o 

art 

x 

x  x 

mm 

O  X 

f>» 

X  IT 

X 

IM 

«• 

c 

a 

f*- 

X  A 

♦ 

»V 

rtl  rn 

♦ 

a  a 

X  K 

rt-  X 

9 

9  o  —  —  —  — 

—  o  9 

X 

c 

a 

nrg- 

i 

art 

rv 

n  n 

w 

♦ 

0 

a 

a 

♦ 

0 

♦ 

n 

n 

r>  m 

r> 

n 

m 

f*l 

M 

% 

rvi  fv 

cv 

—  — 

1 

l 

•  i 

1 

1 

• 

l 

• 

1 

1 

1 

• 

• 

i  • 

I 

i 

i 

1 

1 

i 

I  I 

1 

X 

X 

X 

*  x> 

X 

x  rv 

A 

X 

A  rv 

» 

A  <*» 

4 

X 

0 

mm 

> 

•k. 

rv 

X 

X 

r>  *•>  A 

•**  3 

rv  v 

art 

K. 

art  M  O 

A 

C  A 

c 

V  *v 

X 

3  3 

A  9 

9 

A 

— 

X 

—  X) 

V  A  i 

a 

h- 

D 

\ 

x  y 

r» 

X  0 

o 

A  4 

n 

♦ 

X 

>  r 

9 

x  ng  rv 

IV 

n 

X 

X 

X  o 

rv  a 

r«k 

9 

art 

IV 

X  A 

X 

X 

A 

X 

X 

A 

X 

X 

—  9 

A  r*i 

O 

X 

c 

€  — 

r-  rvi 

• 

X 

c 

o  c 

—  rv< 

n 

A 

X  A 

X 

K. 

X 

9 

rv  4 

X 

X 

c 

rv 

X 

X 

X 

o  n 

A  r* 

9 

art 

X 

X 

X  c 

V 

X 

A 

X 

3  V 

X 

A 

X  9 

art  •> 

A 

X 

X 

o 

rtrt  !•> 

X 

X 

iu 

c 

c  c 

c 

o  c 

c 

o 

o  c 

c 

C 

o 

C 

mrn 

art 

art 

art 

rv 

rv 

rv 

rv 

rv 

n  rn 

m  r*\ 

X 

X 

X 

X  X 

A 

tf* 

A 

A 

X 

X 

X 

X 

*  4 

»k.  rk. 

*k 

r- 

■•k- 

T 

t  a. 

X 

X 

X 

a 

• 

•  • 

• 

•  • 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

•  • 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

•  • 

• 

• 

• 

• 

•  • 

• 

• 

D 

o 

X 

X 

a 

J 

o 

> 

•# 

r»» 

X 

• 

X 

A 

o 

_j 

mm 

x  y 

r- 

O  0 

■* 

C  X 

0 

9 

c 

a 

c 

P- 

mm 

rv 

rv 

rv  I* 

X 

c 

c 

X 

r*. 

art 

r- 

X  — 

9 

r» 

r 

X 

art 

•m 

1 

art 

C  X 

r*  p»* 

J 

4 

i 

pk 

K  9 

»r 

X 

u 

C 

e  = 

mm 

\  ♦ 

X 

X 

rv  x 

c 

/ 

rv 

c 

X 

9 

c 

0 

9 

X 

A 

X 

9 

X 

rv  rv 

/  9 

X 

/ 

»k. 

c 

X  X 

m 

A  9 

X 

X 

art 

a 

X 

c  X 

1 

9 

/ 

-  X 

X 

■  V 

> 

3 

C  3 

3 

3  3 

o 

mm  mm 

•V 

*V 

« 

0 

A  — 

r 

9 

art 

<n  a 

pw 

c 

•n  X 

9  .-V 

X 

c 

X 

9 

*•*  X, 

*i 

X 

•n 

9 

A 

art 

■rt. 

*•> 

9  X 

9 

X 

• 

art 

l 

A  *•>  — 

9 

r 

• 

•  • 

• 

•  • 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

•  • 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

•  • 

• 

• 

• 

• 

•  • 

• 

E 

*- 

X 

art 

art 

art 

art 

rv  rv  rv 

rv  rr 

0 

X 

X  A  X 

X 

X 

•k. 

y- 

X 

9 

9 

* 

C  — 

m  rv 

**■ 

0 

J 

X 

X  “ 

X 

L 

o 

O 

art 

art  art 

art  art 

art 

art 

aa 

art 

z 

• 

Ui 

-J 

X 

O 

• 

X 

mm 

1 

X 

A 

X 

c 

n 

Y 

C  X 

♦ 

—  r 

c 

— 

9  \ 

0 

0 

0 

X 

T 

0 

0 

t 

X 

0 

rt* 

.V  X 

—  X 

0 

*V 

r  ; 

< 

c 

*v 

— 

9 

r 

9 

X  X 

X 

\ 

rtk 

• 

-  9 

art 

— 

u. 

n. 

►— 

a 

• 

•  • 

• 

•  • 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

•  • 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

•  • 

• 

• 

• 

• 

•  • 

• 

o 

X 

rv 

c 

—  *  r* 

C  0 

♦ 

IT  — 

O 

9 

r" 

c 

m— 

X 

r-, 

art 

0 

c 

X 

a 

rv 

r> 

o  c 

C  I 

art 

X 

r* 

X 

X  x 

9 

c 

r- 

A 

X 

X  9 

X 

c  x 

X  — 

X 

9 

fk 

a*. 

•*  X  X 

c. 

ui 

X 

c 

♦  y 

t 

rv  — 

9 

A 

X 

mm 

mrn 

X 

mm 

X 

X 

9 

c 

art 

9 

art 

*v 

c. 

V 

X  — 

art  mm 

•>* 

c 

X 

V 

9  % 

fc 

X 

7 

rn 

X 

/ 

X 

fm. 

art 

#rtN  X 

c 

•k. 

*v 

r 

—  AX 

■ 

• 

o 

a 

c 

^  IT 

*/ 

y-  c 

0 

mm 

9  9 

mm 

0 

a 

X 

rv 

art 

C 

9 

rv 

X 

X 

c* 

X 

x  rv 

X  X 

rv 

T 

art 

X  A 

A 

X 

r 

r* 

X 

X  X 

f\ 

r»  x 

X  X 

X 

c 

•• 

4 

9  X 

X 

•— 

< 

0 

♦  j 

4 

r-*  y 

c 

rv 

r-  u 

a 

c 

rv 

J 

X 

a** 

0 

0. 

9 

X 

X 

9 

c  — 

m-  mm 

—• 

C. 

c 

9 

X  r» 

< 

A 

0 

»• 

X 

art 

r 

9 

3  f- 

X  J 

X 

X 

• 

ft 

a-  a- 

I 

c 

> 

i 

mm 

mm 

mm  m- 

mm 

rv 

rv 

rv 

rv  rn 

r*» 

r** 

0 

X 

X 

X 

A  A 

X  A 

A 

A 

A 

X 

X  X 

X 

X 

0 

X 

X 

X 

X 

^  *» 

f*  f* 

*• 

• 

*• 

♦  rt 

• 

rt- 

Ui 

U’ 

u. 

*5 

c 

if 

X 

I 

a 

mm 

I 

• 

C 

■ 

u 

UJ 

i/1 

u 

C 

c  -• 

«• 

mrn 

rv 

fV 

rv  rv  tr 

f*1 

# 

♦ 

0 

0 

■r 

X 

X 

A 

X 

X 

X  X 

r- 

“■* 

T 

X 

X  T 

9 

9 

9 

9 

c 

3 

C 

3 

art  art 

mm  mm 

X 

X 

X 

X 

—  rr 

r- 

o 

X 

C 

c  c 

C 

C  C 

c 

c 

c  c 

C 

c 

c 

c 

c 

c 

C 

C 

c 

C 

c 

C 

c 

c 

c  c 

c  c 

c 

3 

3 

C 

c  c 

C 

C 

C 

C 

art 

art 

■art 

art 

art 

•rt*  art 

art 

art 

art 

aa 

art  irt* 

art 

c 

*- 

c 

c  c 

C 

c  c 

c 

c 

c  c 

C 

c 

c 

c 

x 

c 

C 

c 

c 

c 

c 

C 

c 

c 

c  c 

c  c 

c 

C 

C 

c 

c  c 

c 

c 

c 

C 

c 

C 

c. 

r 

c  c 

c  c 

C 

C 

c 

r 

c  c 

• 

•s 

3 

3  - 

o 

3  C 

c 

c 

c  r 

C 

o 

c 

“ 

a 

c 

C 

o 

s 

s 

c 

s 

3 

c 

3  O 

3  O 

c 

C 

C 

c 

C  3 

c 

c 

c 

c* 

c  c 

cr 

3  C 

3  3 

s 

C 

“ 

c 

3  C 

3 

• 

1 

• 

•  • 

• 

•  • 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

•  • 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

•  • 

•  • 

• 

• 

• 

• 

•  • 

• 

« 

~ 

• 

a 

•# 

mi 

• 

mJ 

Ui 

c 

a 

i 

c 

kA 

X 

a 

2312V6JI.*  2636*60  2*6^-j> 


»  «  7  *•»  4  7  3t‘VN'0^,l,>jei'«^'‘i'>3#IV"l«»#*(V«1/»in>\NI)0'-OI)-80fi8 

i  •-  x  r  4  **>  x  m  m  x  «^j^y  m*?">oo(*i*  7X'nM~*-»Mf*>x7M*--*^M7X  -n  o  x 

‘  C  X  -*  £  X  X  *  4  i"l  M  M  —  -*©©777X*»9*XXX  4  #  "1  W1NMM--.-OOC  099  9  9  9  X  X  X  X  X 


>ON9*no«X"»BO»»9-9t®^fl^9NN«j9  4-*Nft<"»9IX^COO-«"»^9<VN(M'*>rf»9S^>rf>N®N«««N 
7  4  £  X  £  t  9C**9#OSC  4  -•  M  *-  «-•  ♦  f-  Cg  f-  |T  ♦^"HN<i/lN">O«tON»-O8««N«(*l9IVIW0«*9K,*>h9  9M*l 


k  7  —  ft  7  *•>*»  o  4  ^  —  4  9-  0#K9Nrf1«Ofl^»^ON  #  8*  ON*ni/1N»  3ftir»(/l8t9^(Mni)eNBO«ftJ^4^«K 

P>  **»  4  ♦^)iT^88NKN**89999000««^^IVN<VNN")"»'*>,n">"»8#888  44XXXXXXXXXXXXXXX 


1 

- 

X 

M 

m 

4 

4 

X 

X 

O 

7  4 

4 

c. 

4 

4  n 

M  •» 

4 

X 

7  M 

X 

X  O  4  X 

n  —  'nXXMXCXM'^  X 

X 

»«> 

M  ^ 

X  *  ~  7 

0  M  ***■»*■»  M  M 

1 

c 

IT 

O  X 

4 

w* 

X 

X 

J. 

n  •*> 

x 

4 

OW) 

n 

c. 

X  X 

7  m 

X 

X  7  X 

*»  X 

7X«nXOMXX47 

7  M  M 

0  —  X  c 

O  7  X  X 

4  O  X 

p  ■— - 

4 

X 

n  4 

0 

•n 

7 

»*• 

n 

■*» 

4 

n  m 

M  ^ 

X 

4  n 

x  **> 

4  X 

7 

X 

M 

4 

n  *m  •n  » 

<00-X37^-'*) 

7  - 

X  O 

4  **MXM**X© 

0X4 

k*  x. 

0 

K> 

o  x 

M 

n 

X 

4 

0 

X  7 

•-* 

4 

»*>  r» 

X 

4 

M 

<-• 

— 

X 

7  c  ** 

~t  X 

X»PX-*XOOOM7 

(n*i7 

X  M  •*- 

^  4  ® 

X  O  7 

fell  X 

M 

4 

0  7 

in 

7 

M 

*>• 

4 

X 

**»  7 

X 

4 

—•  -*  X 

4 

M  7 

X 

4  in  m 

7 

0  0  4 

X 

>  0<  t  9  ON  9  40 

•». 

r>  x  x 

0  O  <*)  X 

8  X  4  "> 

M  O  X 

p  x 

M 

7 

-•  X 

r- 

-vi 

X 

0 

M  *- 

x  9- 

M 

0 

O 

X  7 

4 

*•1 

4  in 

X  f- 

♦ 

►■» 

09  4  X 

^•Mf^^>7X4f^^®XOf*)7 

X  X  X  ®  *«  X 

HS/!mX«K 

f*.  0 

X 

X 

4  M 

M 

4 

X 

X 

O 

*n  x 

O 

4 

X 

in  X  7  1*1  X  4 

7  » 

s 

x  7  ^  n 

X7MXOXOX^XM7 

X 

^4 

XXM7^  4M7^X 

7 

L«  0 

X 

*+ 

X  X 

4 

M 

0 

7 

7 

«  9- 

*-  X 

»n  m  0 

X 

9-  »r  4 

«  0 

7 

®  ►>  x 

X  4 

4<”t~)MM»4«-*OC7 

7 

7 

«  ®  ®  4*  ^  ^ 

^  X  X  X 

XXX 

M 

M 

M  M 

M 

M 

M 

M 

M 

mm 

«4  « 

•x 

•■4 

~)tnMMMMMMM 

0m 

m0 

^  «_> 

*4  M 

1 

1 

1  1 

(ill 

till 

1  1  1 

1 

• 

• 

1  1 

1 

1 

• 

1 

1 

t 

1 

1  1 

« 

I 

1 

1  1 

1 

• 

1  « 

1 

1  • 

I 

1 

•  •  1 

•  1 

1 

M 

~  * 

*VI 

n 

4 

X 

X 

*» 

n  0 

•n 

4 

•*)  ">  ^  "> 

•n  *»»  •*»  -» 

■n  *> 

■n  -n 

*•»  *n  *n  ■n  **i 

-n 

-n  *n 

-n  ^ 

^ 

*»•*>") 

to  r- 

4 

C 

X  « 

9- 

M 

*M 

£ 

0 

4 

X  M 

X 

mm  mm 

mm 

mm 

M  M 

M 

«-• 

^  M 

mm  mm 

»4  #4 

»4  *4  *4  M 

mm  mm  mm  mm 

mm  mm  mm 

X 

c. 

—  rn 

4 

X 

7 

O 

M  "> 

4  X 

«** 

X 

e 

C  7 

O 

O 

C  C 

c 

c  0 

c 

O 

0  c  c 

O  C 

coccccococ 

J5 

O 

0  0  0  0  0  c 

COCO 

OOO 

• 

X 

m 

7  a 

•  • 

X 

■ 

X 

m 

X 

• 

X 

• 

7 

■ 

7 

• 

7 

• 

7  7 

■  • 

7  7 

•  • 

0 

c  c 

•  • 

c 

• 

C. 

• 

c  c 

•  • 

0 

• 

c  c 

•  • 

c 

• 

e 

• 

see 

•  •  • 

0  c 

•  • 

ccosccoccc 

O 

• 

0 

• 

c  0 

•  • 

c  0  c  c 

•  •  •  • 

0  c  c  c 

•  •  •  • 

COO 

•  •  • 

a  i  zr**‘9*~xjt\c.?x**jr+  —  *--»*»-cce43  —  cxnoxM—r'^  M*-*-o9*7'*M4C7~-9-£3 

I  ?  \  /  -  £  4  4  C  8  *•»  —  7  l  ^  M  ?  =  \  «  ►  -  /  ?  4  9«C^!rtIt  4  ~  —  «-  t  C  C 

f  *  —  £  IV/»4^)V«0?  7  X  •*-*■“•  *-  £  £  r  £  £  ^  K  V  x,  l  J  33«X^*»#8£^X9  3 


^•//£»*XT 


7  C-\’l-'#/£*‘17CC^Nn8£  £  ^  I  J  C-\*  I  8  £  M  ^  C  -l\(  (»  «  £  M  ?  C  -  \  r  £  £  «  K  9 
-WWWXrM.XWn",  ^nr,  m  4  4  4  4  4  4  44  4  4  /  /  /  it  /  /  //  /'££££££  XXX 


•v  •«• 


-7-^/\?T\''\\/,£  47  £  7  £  /  t  £  t 


--/C-'‘//^»»-£7^£-£  I-\**N47/7I  7  —  — 


479**-*-£XCM£Ci/‘Cr4M££~£7.TM£»rX£4X££*7a»r££7ir44£7MX££*r—  4XMir»fC~r-7X 
C*‘\r-X\\41/‘r4£:  £»'\,n^4\47XC/--£-I^l-/-l^'‘£C*  £  ^  7  £  4  I"  \  \  H  |  £  ?  \  /!»  ♦ 
*C-£  7  IX  £  c  4  X  r  T  ~  X  4  7  .T  —  ►*  7  -  4  f-  C  4  7  ^  X  T  4(7X  -  T  4  ~  9*  4  —  X  4  me  X  X  r  —  y+-J'r‘'~Q+**  4  M 
44-n—  —  t  C7X  I  «»  ►  £  4  /  £  J  «  r  *-  f\.  .-  —  C  773  3^v£44i£  /  44  4»r^'r^l\fVfV.'\.  —  —  —  —  *-  C  C  C  C  C  C 
i*'  "  **  *•■  ~  ~  ~  rMiv»v*vrvMMi\i\MM»vMMMMM— ~  —  —  —  —  — — 


c 

7 


U 

* 


4  rrrxxxxx^^^^rx  XX  7  7  rri4444X£'£'/£££ 

m*~  **•*  ~  ~  ~  —  m-  mm  mm  m*  mm  mm  ~~-~*«-M.\;MMMMrVMM.M  MM  MM  MMMMMMMMMMMM  M 

rccccecccccecccccccccccccccccccscccccccccrcccccc 

C  C  C  ©  5COCCCCCC  C  C88C33CCCCOCC  t  C  C  C  SC  CC  C3CCCCCSCCCOO 


«✓> 

X 


(The  reverse  of  this  page  is  blank.) 


MU44tE  VFLOClTY  IS  1A7<».3  Fffcl  Pt«  SFCONU 


TABUS  IV.  INTERIOR  BALLISTIC  PROGRAM  FORTRAN  h  LISTING, 


• 

9 

• 

tft 


1 

4 

2 

C. 

T 

a 


#*1  9  1/1  9  K  OO  O  ®  O* 

o  «*oooo  ^^^^*<^ivwiMMNNWft<<VMnnnfnnn«ninn4 

o  oooooooooooooooooooooo  oooooooooooooooo 
9  000000000000000  90000  00  0000000000000009 
0  00000000000000000000090000000000000000 

o 

o 

*  *  ®  8  ®  X  tSSSSt&SSSXS  X>®»®»*B®©®®*®®»®®«®®« 
i/l  /)  «0  tT  ^ 

>  >9999  >999»>>9>9*9999>99>»9999>>9999  0  9  9 
O  OOOOOOOOOOOOOOOOO  OOO  OOOOOOOOOOOOOOOOOO 

-  s 

o  a 


-1 

% 


f 

o 


mJ 

9 

X 

Ui 

mm 

O 

»- 

> 

9 

u. 

9 

4 

X 

• 

c 

Z 

a 

V. 

*- 

o 

UI 

n 

mJ 

X 

o 

a 

mm 

• 

X 

a 

V 

►- 

O 

in 

X 

X 

X 

® 

3 

X 

•— 

a 

• 

X 

ru 

9 

/l 

a. 

y>  *4 

mm 

M 

in< 

8 

9 

z 

x  • 

X 

4 

Ui 

45 

o 

• 

a  c 

X 

4 

X 

Ui 

a. 

o  u 

X 

X 

• 

in  a 

a 

CM 

o 

«*•» 

in  • 

UI 

rv 

UI 

4 

• 

* 

•  m 

B 

• 

a  m 

►— 

® 

a 

• 

o  • 

o 

in 

a  ® 

• 

IT 

• 

mm 

X  K 

mm 

99 

►- 

9 

z 

n 

o  u 

u 

® 

D 

X 

D 

z 

♦  9 

• 

UI 

X 

a 

X 

9 

<  rv 

«*  (M 

u 

41  ► 

z 

mm 

9 

mm 

•—  • 

UI  • 

•u 

X  •- 

> 

mm 

«■» 

z 

xi  r- 

ul 

X  o 

> 

U  M 

M 

r\ 

C 

X 

*- 

X  u. 

C 

4  — 

uJ 

u 

J5 

* 

o 

«— 

Ui 

•  • 

a 

•  u 

3 

o 

Ui 

\T 

c 

Ui 

a  « 

X  4 

< 

mJ  » 

_l 

a 

fVJ 

—m 

a 

>  M 

UI  • 

X 

O  ^4 

Z 

UI 

o 

< 

o 

mm 

>- 

►-  4 

M 

u 

■>  • 

> 

• 

in 

*- 

—  4 

4  U 

u  o 

m9 

• 

• 

•  » 

z  • 

•  _• 

O 

*— 

9 

mm 

-1  \l 

3  -• 

Z  u 

—  ul 

ui 

> 

D 

X  — 

o 

>  • 

a  • 

3  • 

♦  m 

X 

O  i- 
ui  3  n 


3NUI 

rv  •  u. 

'  •  ui  O  • 


*-  u. 
o 


X  *  •  O  -4 

•  •  -4  H 

®  O  8  *- 


9 

o 

O 

ui 

a- 

r 

X 

Ul  -4  Z 

z 

Ul 

z 

• 

• 

O 

ul 

t 

• 

in 

• 

D 

•» 

* 

u. 

• 

4 

a 

u 

a 

c 

> 

X 

• 

a 

• 

Ui 

O 

9 

m 

-i 

c 

9- 

3 

u. 

mm 

• 

9 

< 

u 

ml 

u 

« 

X 

IT 

z 

-i 

4 

X 

3 

9m 

«■* 

mm 

X 

• 

• 

o 

m 

• 

in 

r 

• 

Al 

*n 

ul 

-» 

3 

m 

O 

c 

< 

mm 

> 

*9 

C 

u 

C 

u 

a 

4 

a 

rv  rv 

c 

• 

• 

u 

9 

X 

• 

mm 

a 

in 

Z 

Z 

X 

a 

mm 

9m 

• 

a 

mm 

«•% 

— - 

4 

» 

tm. 

X 

X 

U 

► 

a 

u 

4 

X 

c 

u 

► 

/ 

a 

u 

u> 

r* 

u 

—  ► 

X 

4 

u 

mm 

mm 

o 

• 

►- 

a 

a 

X 

«n 

X 

3  X 

a 

in 

T 

2 

• 

n 

• 

• 

uJ 

•  X 

• 

4 

ui 

• 

X 

X 

X 

M 

w 

a 

»— 

X 

9 

X 

u 

X 

a 

a 

X 

X 

< 

X 

> 

x  a 

X 

e 

X 

3 

• 

X 

in 

• 

X 

X 

c 

«u 

9m 

2 

U 

•  a 

u 

T 

u 

u  -* 

u 

«-» 

4 

• 

X 

mm 

m9 

X 

a 

O 

IT 

X 

mm 

o 

X 

O 

z 

z 

M 

X 

o 

M 

c 

c  c 

o 

X 

mm 

U  X 

X 

4 

9 

m  tNi  tu  o 

u 

-J 

3 

c 

u 

« 

X 

-■ 

rv 

99  rv 

4 

9m 

u 

0 

9 

— 

Ui 

9 

u. 

• 

•9 

• 

3 

1 

1 

X 

►— 

»— 

• 

•— 

• 

• 

• 

mm  m 

X 

2 

9 

•— 

• 

€ 

«■» 

a 

X 

X 

mm 

X 

mm 

u» 

• 

< 

* 

-n 

n 

X 

X 

r 

X 

—  X 

•— 

• 

< 

X 

tom 

a 

• 

\ 

mm 

r— 

4 

mm 

mm 

Z 

o 

5 

T 

c 

«* 

4 

— 

c 

«— 

< 

w 

4  — 

4 

»— 

mm 

4 

u 

• 

c 

m 

u 

4 

u 

4 

ui 

< 

u 

4 

a 

• 

8 

z 

y 

X 

i 

u 

u 

2 

* 

1 

I 

* 

3  : 

■ 

m 

“ 

2 

X 

c 

m 

u. 

9 

a 

u 

a 

>— 

2 

►- 

r 

3 

o 

rv 

c 

3 

J 

a 

2 

a 

< 

3 

< 

3 

< 

3 

< 

a  « 

a 

►- 

C 

4 

a 

►- 

M 

w* 

a 

9 

a 

a 

a 

►-  a 

9m 

a 

a 

m 

X 

u. 

C 

u 

c 

u. 

O 

u. 

C  u 

3 

9m 

4 

U« 

3 

a 

a 

u. 

4  X 

c 

a 

3 

a 

C 

X 

c 

a 

u 

x 

X 

a 

u* 

X 

u 

1 

u 

3 

u 

I 

u  X 

u 

a 

•— 

3 

u 

z 

X 

> 

X 

c 

u 

x 

* 

* 

u 

» 

u 

a 

X 

> 

X 

X 

3 

L 

•— 

o 

c 

c 

C 

i* 

4 

J 

4 

4 

4 

4 

a 

U 

ui  *>  u 
«1  3 
•  u  •-  — 


r-  rv 


1/ 

c 


If 

rv 


2h 


3 


r>l)TS«».n  POVbH  000*1 

MTn***Jooo.  PQ'iiit  000*2 

CP«>S«ScmmS  P0«S(t  000*3 


00000000000  00000000000000000000090000000000000001 
OOOOOOOOOOO  0000000000000000000000000000900  OOOOOOl 
OOOOOOOOOOO  0000090000000000000000000000000000000* 


®®*®»*®®®**®®«»**®®®®®®®®®»®*®»®®®®5?®®®®*®®®®®*t 

OOOOOOOOOOO  C  000000000000000000000000000000090000' 

ia&ai&ia&aiaa&a(iaaaaaaaaaa(i(iaaicukaiaaaiiaafiaaaiii 

M 

4 

^4 

-J 

Ul 

> 

4 

K 

UJ 

a 

a 

• 

4 

ui 

(X 


rvj 


—  m 

•  k 

• 

i  *> 

41  ** 

1.  • 

4  ^ 

•  «■* 

— ■  •  4 

4  C  ") 

•-  VT  ~ 


*  I 
— •  4 

•  “J  ~ 

"5  aJ  —  4 

I  2  I 

t/>  4  <  4  «-< 

x  2  3  ~  c 

1  I  ^  ♦ 

I  •/,-- 


ir 

rv 


w  c 
2  o 

4  • 
X  4 
• 


«■» 

Ui 

•  * 

«•» 

®» 

> 

H. 

• 

4 

Ol 

«■» 

1 

o 

-1 

•i 

o 

X 

UJ 

O* 

X 

<J 

* 

X 

>- 

«■> 

4 

»  « 

4  — 

Ui 

if) 

IT 

4 

3* 

X  — 

uj  a 

(V 

X 

X  l 

X  X 

> 

♦ 

c 

U. 

o 

M  *— 

i 

c 

UJ 

•  * 

U.  2 

*» 

o 

o 

4 

3 

4  4 

o 

4 

o 

X 

a  i 

X 

x  r- 

• 

X 

u  • 

^  • 

4  -• 

4 

4 

j\  • . 

•  tM 

Ui 

-J 

O 

2  in 

rv  x 

m 

ui 

—  JNi  3 

o 

a  — f 

n 

vr 

> 

-*r  i  it 

u 

w 

u  c 

4  • 

• 

i  x  in  ru 

• 

4 

1  — 

N  Si 

4  ^ 

rsi 

V 

O  —  N 

O  f\i 

w  ^ 

X  •  • 

X  « 

ji 

^  ^ 

o 

♦  ^  4 

•  -i 

3  J)  l 

< 

£  2 
—  4 
V  O 

tv  — 

-J 


♦  40 


tV 

-I 

> 


X 

• 

2 

A 

4 

X 

N 

1 

C* 

o 

4 

—  4 

4 

1C 

♦ 

X 

4 

3 

— 

1 

o 

4 

X 

X 

z 

M  fV 

—  4 

m 

3 

• 

■ 

1 

X 

3 

C 

aJ 

•r 

<— * 

-j  u 

IV 

2 

-J 

J  V  •- 

2 

>* 

*“ 

3 

in 

«n  *-  2 

X 

1 

** 

♦ 

•A. 

•  o 

X 

w 

X 

♦ 

ui 

X 

4 

X 

▲ 

X 

o 

X 

♦ 

> 

> 

-o  u 

Jj 

♦ 

X 

N 

X 

X 

4 

c  >- 

o 

X 

2 

c 

X 

II 

c 

II 

X 

N 

18  2 

N 

U. 

II 

X 

u 

< 

II 

U 

It 

M 

< 

«-• 

*- 

** 

J 

N 

»-  N 

4 

<** 

> 

5 

u 

X 

N 

•  ■ 

a 

►- 

H- 

c 

2 

a 

c 

N 

— 

2 

c  ►- 

U* 

N 

ii 

< 

4 

c  « 

i 

c 

N 

w 

4 

N 

a. 

c 

z  a. 

U. 

t- 

O  3 

2 

C  U. 

o 

u. 

w 

o 

— 

•r 

2 

3 

X 

- 

2 

~~* 

- 

X 

> 

X 

X  *- 

X 

— • 

X 

•r. 

X 

4 

a 

If 

4 

c 

c 

tv 

e 

t\ 

P^* 

*•» 

X 

— 

if 

IT 

IT 

Ui 

> 

I 

rxj 

*  _j 
S  aJ 
> 
C  - 

N 

c 

C  4 

>T  I 


~  C 
>»  4 

«n  a. 
a  a. 
i  v 

__  *•» 

c  i 
^  u 

V  ♦ 

in  ►- 
a  o 

—  i 

—  j) 

m  — 

U  H 
4  2 

u.  u. 

X  .*. 


•  c  x 
rx,  •  x 

•  o 

•  c 

4iiC 

UJCiO 

X  4  • 

4  —  4 
4  ♦  _J 

•  ~  UJ 
^  JU 
2  U.  4 
X  >  — 
N  N  ■ 
-J  fVJ  _J 

U  «J  c 

UUjU 

<  >  4 


U.' 

2 
4 

4  c 

m  x 

—  2 

X  v 

r  — 

w  a. 

♦  x 

— i  ru  i 

o  -i  c 

>  «*.  X 

o  >  o 

W  N  II  N  — 

U'/l  JH  II 
2  •-  C  C  2 

~C  >  U  X 
X  X  4  o  o 


\J  -• 
O  4 
o  u 
o  Z 
c  « 
•  X 
4  ~ 
♦ 

-J  t/> 
u.' 

>  3 


OJ  > 

c 

*  u 

X  ♦ 

X  4 

—  r 

U.  3 

4  — 

X  >-  I 
X  3  _l 
4  Z  O 
_J  3  > 

>  4 
U  ~  — 

H  II  V 
<J  *-  — 

>  c  ~  a 

c  x  ~  c 

U  -  •  3 


M 


P-  2 

a  a 

x.  u 

l>J  «-*  • 

c  xx 
o  ox 

o  x  - 
•  *  — 
4  C  *-  N 
uJ  IC- 
X  u  •  • 
C  V  i/J  4 
3X2- 
M  X  X  a. 
iHf- 
X  3  -  •-» 
•-  X  U.  2 
—  u  —  S 


# 

4 


C 


r 


c 

4 


r 

x 


c 

X 


ir 

x 


9»^99»>»»oooooooco  OHHHHH^HHHHiviviMMiMNMMMNnininnininninnin^^^^^ 

O  O  O  O  3  OOO  o^^-*  0-4  an  an  -n  an  .*  **  a*  a*  a*  a-4.-4aHaHaH0Ha-4aHa*ah  _4^_*_4^-*^,-«_«,^^-.^-*,-*^-*  aU0H*^a*«0Ua4aU*a«aU0-«0U»^«^a4 
000000000030000000000000003000000000030000000000000000000000 

•oooooooooooooooooc  ooooo  ooooo  ooooo  ooooo  o  ooooooo  oooooooooooooo 


iX®®»®®XX>X®»®r®XXX>X©l>®®®X®®*®®®Xt>X>»®X>®®X®®®®®®®®®»®®X>l>X)®®®®£® 

nriA^ir^iriiiriOirin/iiOio^irii^it^iAsAt/tir^iriAin^^^^irtrir^^iPiAi/itfiiriPtntAiAtrtntn^inirirxiriotftDiniP 

>0  3  00000000000000000000000000000000000000000000  00000000000000 

&Q.anaai&a.a&&aaaa.aa(Laaaa.aaiiaa.aaaa.iacLaaa.a(LaQ.aaiiiaQ.aaa&&a.a&(i(Laa. 


a* 

X 

X 

• 

Ui 

9 

X 

r 

ah 

V 

® 

X  U. 

V 

• 

Ui  • 

• 

Ul 

X  ft 

ft 

Ul 

• 

X  • 

• 

u. 

•  if> 

u. 

h 

u. 

X 

• 

ou. 

• 

in 

-1  • 

m-* 

M 

3  ^ 

«n 

• 

•  • 

a  H 

► 

—  ® 

• 

u 

3  a- 

•  Ul 

X 

z 

X  U. 

♦  3 

u 

ul 

o  • 

> 

•C  3 

» 

0-» 

•  ♦ 

-J 

«  in 

u 

3  • 

UI 

<  m 

*— < 

M 

a  *r 

O 

ul  Ul 

u. 

u.  **• 

• 

a  x 

► 

u.  — » 

•  u. 

0% 

«  X 

•— 

ui  r** 

in  • 

A4 

*-* 

— *  *n 

—  T 

At 

X  U 

u 

U  • 

c  • 

IT  f- 

e 

•  H 

—  ft 

£  i/> 

ft 

ft 

ft  X 

-1 

2  Km 

»  — i • 

O  3 

an 

Ul 

-  o  • 

J)  u 

3 

• 

#  ul 

> 

ui  r  • 

3  • 

C 

U 

•-  3 

x  m  <v 

c  C 

7 

C  C 

u. 

C  V  w 

U  • 

•  O 

a4 

E  >X 

-J 

N  -  V 

» »n 

in  yi 

• 

1 

/I  X 

Ni 

U  **  0* 

u  *— 

x  ~ 

K  *"■* 

-0 

•  ~ 

N, 

t  u. 

3  - 

c  z 

AN 

X 

—  X 

* 

a  •  o 

AN  * 

U  X 

X  3 

-J 

£ 

2 

Z  C  X 

X 

u  ft  X 

•-  ♦ 

II  N 

3  3 

UI 

3 

3 

3  «  r  > 

<  r  n  tn 

0N  •  AN 

<0*  A 

«—  • 

> 

X 

3  > 

3  ~  ~ 

X 

-  ®  •  • 

*-  it  ♦  in  in  ♦  uj  i  i  ccn»c'\j~*‘?o.  •  rvj  m  i  x 

c  rs,  m  <  x  #v-#^co#vu.>*-* 

•  u.  »-  a  x  x  •  u.  «j  •-  i  ♦>  •  v  *v*-o  •  v  u:  •  u. 

x~azzain3u/c  •  -  •  x~c~a-«c~*  x  • 

~  —  Z - O  —  Z  >  t  —  J  X  ~  ~  N.  • 

a-  <  II  /  H  :  H  H 

-X  /  I  -  /  I  *-  >  Z  ■>-*-!  *~I«  C  *-  l  -  «  L _ -  ^ 

a  »-  a  c  a  ~  z  _*  3  >  *  ii  «  a  •-  a  n  ii  —  a  n  u  n  «  ^-a  *-  a  j 

scauxau.cu.xcxc^cxc2  u3cxxu;u.acxc«c 

*  U  2  X  X  U  —  U  3  C  «  >  <  *  a.  F  u  «  «4  *  a.  <  a.  •-  X  S  u.  *  u.  U  C 


U.  Ui 

•  u 

</>  X 


u  • 

•-  X 


u.  • 

Ui  4/) 


X  u 

•-  2 

Ul  ui 

X  « 

o  o 

ISI  *-• 

ul  u. 

~  u. 

a.  ui 


C  (T. 

U  •-» 

X  -J 

X  -I 

c  * 

•  a  x 
or  oj 

o  <  r  x  x 

*■•  a*  x  -n  « 

•  «nrrv.->- 
u;  «  v  *  x.  o 

►-  •  X  •  X  J 

v  c  •  *  x  ~  a  x 

Ul  w  ~  * 

X  jJ  <  u.  <  c 

u.  *-  J  ►-  J  _»*- 

n  ►-  a  •-  a  j 


in 

H- 

X 

z 

>« 

• 

Z 

0»  0^ 

a 

• 

a  a 

o 

X 

a  z 

*- 

z 

Ui  Ui 

a. 

» 

H  H 

» 

a  a 

*> 

•  • 

z 

z  a 

• 

m  a) 

3  3 

»-t 

m  m 

z 

Ul  Ul 

» 

•  • 

• 

0^  0< 

X 

0»  04  0^ 

A 

»  » 

» 

o  •  • 

O 

o  c 

z 

O  04  0-4 

O 

•  • 

» 

in  »  » 

c 

c  c 

>- 

•  H  04 

ft  ft 

o 

o  •  • 

«-0 

•  • 

•  «0k 

Ham 

m 

X  >• 

X  3 

•  IN  04 

z  z 

c  —  u> - 

AN 

3 

•  • 

»  » 

X  *+  ft 

*U 

X 

•-•  "J 

►-  C 

a  3  3 

>* 

a 

•  • 

►  o 

«j  a  z 

M 

• 

Z  X 

•  IT 

X  •  • 

• 

0Mt 

»  • 

£  • 

^  KN  0% 

ft 

o 

K  >• 

>-  m 

•  HH 

X 

3 

o  o 

» *-* 

^  ^0  W 

O 

•  » 

a  c 

•  R-  H 

0N  0"» 

» 

2  H 

x  a 

•  a  a 

A  A 

AN 

w 

X  > 

•  X 

#  •  •  A  A 

m 

>“ 

►-  m 

#  # 

-i  ^ 

0-4  m  m  0-»  «•» 

*-  ^  3£ 

—4 

2  Z 

-J  z 

x  • 

!  *-K  -  I- 

a 

•-4  0-4 

• 

-1  X 

A 

X  ► 

»  z  z  —  — 

z 

w  w 

A^ 

z  u 

in 

•  » 

_i  i 

OZZ/lf 

• 

X 

z  z 

*— 

w  w 

- -  _  aj 

ft 

—  z 

AH 

X 

-  z  — 

w  w 

>  > 

>  >  >  o  a 

N 

=  z 

—  U  3  C  <  >  <  7  u  F  u  «  «4  B  u.  <  u.  »- 


uj  ~  Z  — '  >  > 

z  - -  >• 

—  m  r  «/>  3  c 

►-  v  x  a  *  * 

—  3  Z  3  3X333 

c  c  c  x  r  c;  •- 

-xr  x  a  a  a  -i  ~ 

a  x  5  c  »t  n  w  n  j  j  i 

’33GN-J3XH»<<II 
n  u  —  *  *  >-  >-uu*-* 
o 


»-  x  u  x  x  u  > 
i  d  x  a  x  a  a  ui 

I  _J  w  w  - - *  UJ 

X  >  >  >>«MMD 
<X>3<VJK»-2Z 
*!  Z  C  Z  Z  -  I 

UR  N^N  II  JN 

.  -j  •-  —  rvrv  _•*-*-  zhc 
<  x  >-  ox  ►  x  x>-cuj2 

lUMHC^HUM^UIliJ 


(The  reverse  of  this  page  is  blank.) 


25 


SECTION  IV 


EXPERIMENTAL  RESULTS 


NORMAL  DEFLAGRATION 

The  validity  of  the  preceding  analysis  is  easily  assessed  by 
measuring  the  pressure-time  history  and  muzzle  velocity  of  a  given 
device  and  correlating  the  results  with  those  predicted  by  the  theory. 
This  experimental  effort  was  conducted  at  the  Jet  Propulsion  Laboratory 
of  the  California  Institute  of  Technology  under  NASA  sponsorship.  The 
device  which  was  used  for  this  purpose  is  shown  in  Figure  7. 


Figure  7.  Device  to  Measure  Pressure-Time  History  and  Muzzle  Velocity. 
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Pressures  were  measured  in  the  chamber  and  at  two  additional 
points  down  the  barrel  by  means  of  high-pressure  Kistler  piezometric 
pressure  transducers  feeding  Kistler  charge  amplifiers  and  recorded  on 
persistent  phosphor  Techtronix  oscilloscopes.  Muzzle  velocities  were 
measured  by  means  of  break  screens  connected  to  Hewlett-Packard  digital 
clocks. 

The  launch  tube  was  of  smooth  bore  configuration  and  for  maximum 
flexibility  was  constructed  with  a  uniform  bore  diameter  rather  than 
with  an  expanded  chamber;  this  design  allows  an  infinitely  variable 
chamber  volume.  Ignition  and  propellant  loading  techniques  are  shown 
in  Figure  8. 


The  initial  chamber  volume  is  determined  by  the  location  of  the 
piston  base  while  the  loading  volume  is  a  function  of  the  diameter  and 
length  of  the  phenolic  sleeve  into  which  the  propellant  is  initially 
packed.  The  ignitor  used  consists  of  a  firing  nut  containing  an  Atlas 
electric  match  surrounded  by  300  mg  of  black  powder.  This  type  igniter 
gives  a  short-duration  flame  of  high  intensity  with  little  brisance. 
When  the  tubular  propellant  grains  are  not  too  tightly  packed,  the 
effect  of  the  phenolic  loading  sleeve  may  be  neglected  except  insofar 
as  the  volume  it  displaces  is  concerned. 

Firings  demonstrating  proper  deflagration  and  typical  correlation 
with  the  above  referenced  theory  are  illustrated  in  Figures  9>  10,  and 
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Figure  9.  Pressure  Time  Plot  With  A  *  57.0  in.2/in.3. 


11.  A  qualitative  delineation  of  the  phenomena  occurring  in  Figure  9, 
for  example,  would  be  as  follows: 

1.  t  =  0  to  t  *  1.0  m/sec:  Very  slow  increase  in  chamber 
volume  as  the  result  of  an  almost  negligible  projectile  velocity,  hence 
very  rapid  pressure  increase  due  to  energy  release  by  propellant  in 
almost  constant  chamber  volume. 

2.  t  =  1.0  m/sec  to  t  »  1.9  m/sec:  Projectile  velocity 
increasing  and,  thus,  exposed  chamber  volume  increasing  more  rapidly. 
Excess  energy  input  decreasing  as  function  of  incremental  volume  to  be 
pressurized. 

3.  Peak  pressure  (t  =  1.9)  to  propellant  burnout  (t  =  2.9 
experimentally,  3.2  analytically):  Plenum  volume  increasing  more 
rapidly  than  energy  input.  Sharp  break  in  curve  slope  due  to  propellant 
burnout. 


4.  Subsequent  to  burnout^  a  very  rapid  pressure  decrease  occurs 
as  a  result  of  the  expansion  of  the  gases,  heat  loss  to  tube,  and  further 
energy  imparted  to  projectile. 
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In  these  three  firings,  the  primary  difference  exhibited  between 
the  experimental  data  and  the  analysis  is  a  result  of  the  following 
factor:  the  single-perforate  propellant  is  assumed  to  burn  externally 
and  internally  in  a  radial  manner  until  the  total  charge  is  consumed. 

In  reality,  this  does  not  occur.  A  certain  fraction  of  the  grains 
fragment  during  combustion,  and  this  increases  the  exposed  burning 
surface  and,  in  general,  leads  to  slightly  higher  peak  pressures  and 
somewhat  earlier  web  burnout  than  is  analytically  predicted.  The 
difference,  typically,  is  of  only  a  few  percent  in  peak  pressure  and  is 
of  such  a  nature  that  there  is  no  way  to  express  it  analytically. 

Figures  9,  10,  and  11  show  the  quite  good  correlation  between  theory 
and  experiment  which  is  attainable  when  the  density  of  loading  A  is  kept 
at  less  than  75  in.2/in.3.  At  loadings  above  this  level,  a  different 
mechanism  of  combustion  becomes  manifest  and  could  probably  be  best 
described  as  a  transition  through  shock-driven  deflagration  to  virtual 
charge  detonation.  The  charge  characteristics  are  presented  in  Table  V. 


TADI£  V.  CHARGE  CHARACTERISTICS. 


Plot 

References 

Charge 
We  ight 
(gm) 

Propellant 

Web 

(in.) 

Slug 

Weight 

(gm'i 

A 

( in.2/in.3 

Figure  9 

86.2 

560 

57.0 

2,080 

2, OhO 

Figure  10 

90.0 

1 

560 

61.0 

2,220 

2,210 

Figure  11 

110.0 

0.0190 

508 

65.5 

2,560 

2,500 

Figure  12 

97.5 

o.oi6h 

560 

76.7 

2,250 

2,150 

Figure  15 

95.0 

o.oi6h 

550 

80.0 

2,190 

2,220 

Figure  lh 

105.0 

o.oi6h 

560 

82.0 

2,550 

2,700 

SHOCK-DRIVEN  DEFLAGRATION 

It  was  mentioned  previously  that  the  phenolic  tube  had  no  effect 
on  the  interior  ballistic  solution.  This  is  not  true,  however,  if  the 
propellant  is  packed  too  tightly  into  the  tube.  The  propellant  used  was 
M-10,  v/hich  is  virtually  100  percent  nitrocellulose  with  no  nitroglycerine 
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loading  and,  hence,  would  be  expected  to  be  relatively  insensitive  to 
detonation  characteristics. 

Figures  12,  13,  and  l4  show  this  phenomenon  of  transition  from  weak 
shock-driven  deflagration  to  strongly  shock-driven  deflagration. 

Figure  15  shows  the  remains  of  an  end  cap  when  loading  was  increased  to 
the  point  where  a  response  similar  to  complete  detonation  occurred.  No 
pressure  record  is  available  for  this  firing  because  the  breech  pressure 
transducer  was  also  destroyed.  An  indirect  method  of  pressure  deter¬ 
mination  may  be  made  by  the  calculation  of  the  force  necesssry  to  shear 
the  normalized  4130  end  cap  and  indicates  a  peak  pressure  of  at  least 
450,000  psig. 


Figure  12.  Pressure  Time  Plot  With  A  »  76.7  in.2/in.3. 

From  the  illustrated  firings,  it  is  possible  to  characterize  the 
combustion  of  the  propellant  into  various  regimes  as  a  function  of  the 
burning  surface  per  unit  of  free  initial  volume.  Symbolically,  this 
would  be 


A  *  SB/VIF 


SB  =  2  V  w0 

then 

vw  - L  \  -  CA 
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Figure  13.  Pressure  Time  Plot  With  A  =  80.0  in.2/in.3. 


Figure  14.  Pressuie  Time  Plot  With  A  =  82.0  in.2/in.3. 


It  was  mentioned  earlier  that,  for  proper  deflagration  in  this  system, 
A  must  be  less  than  75  in.2/'in.3.  In  Figure  12,  a  =  76.7  in.2/in.3  and 
it  was  seen  that  a  slight  pressure  pulse  occurs,  then  damps  out,  but 
drives  the  peak  pressure  to  a  value  approximately  30  percent  higher  than 
what  would  have  been  encountered  during  proper  deflagration. 


55 


*f\ 


i 


Figure  15.  End  Cap  After  Detonative  Reaction. 


In  Figure  13,  for  which  A  *  00  in.2/in.3,  the  initial  pressure  spike 
is  rapid  and  narrow  and  quickly  decays  to  be  followed  by  another  broader 
pressure  pulse  to  approximately  the  same  value.  Figure  l1*  shows  the 
pressure-time  profile  of  a  loading  with  a  A  =  82  in.2/in.3. 

The  initial  pressure  wave  is  virtually  identical  to  that  exhibited 
by  the  previous  loading.  The  second  spike,  however,  is  much  higher  and 
gives  a  peak  pressure  almost  100  percent  higher  than  would  be  expected 
if  linear  regression  were  the  only  mechanism  at  work. 

The  loading  represented  by  the  wreckage  shown  in  Figure  15  was 
A  =  86.5  in.2/in.3.  A  detonation-like  reaction  phenomenon  had  occurred, 
resulting  in  a  pressure  probably  well  above  the  ^50,000  psig  mentioned 
previously.  The  response  could  have  been  a  true  detonation  of  the 
individual  propellant  grains,  which  then  formed  a  gaseous  blast  over¬ 
pressure  wave  to  act  on  the  restraining  steel.  The  energy  release  rate 
was  such  that  this  is  the  most  likely  mode  of  reaction. 


The  A  values  given  for  the  onset  of  this  highly  undesirable  mode 
of  reaction  would  include  most  fully  loaded  cartridge  cases  with  thin 
web  propellant.  This  demonstrates  the  requirements  for  either  deter¬ 
ring  or  inhibiting  a  large  fraction  of  the  initial  surface  area.  Good 
ballistic  design,  however,  requires  a  tradeoff  between  reproducible 
ignition  and  the  formation  of  these  dangerous  shock  waves  in  the 
deflagrating  propellant  bed. 

From  the  previous  results  for  the  system  under  consideration,  the 
following  regimes  can  be  defined: 

A  <  75  Proper  deflagration 

75  <  A  <  86  Shock-driven  deflagration 
A  >  86  Detonation  like  response 

These  particular  A  values  are  doubtless  a  function  of  propellant 
composition  and  ignition  technique.  They  do  graphically  demonstrate, 
however,  that  the  ballistic  designer  must  be  cautious  when  approaching 
very  high  loading  densities  to  be  certain  that  the  regimes,  other  than 
normal  propellant  regression,  are  avoided. 


55 


REFERENCES 


1.  Heiney,  O.K.,  "Simplified  Interior  Ballistics  of  Propellant  Actuated 
Devices,"  JPL  SPS  47-^3. 

2.  Comer,  J.,  "Theory  of  tlie  Interior  Ballistics  of  Guns,"  John  Wiley,  New 
York,  1950. 


3. 


Hirschfelder,  Kershner,  and  Curtiss,  "Interior  Ballistics,"  Volumes  I 
and  II,  February  and  April  1943,  NDRC  Reports  A-142  and  A-180 
(  declassified) . 


4.  Kent,  R.  H.,  "Some  Special  Solutions  for  the  Motion  of  the  Powder  Gas," 
Physics  7,  1936. 


5.  NACA  Report  1135>  "Equations,  Tables  and  Charts  for  Compressible  Flow," 
1953. 

6.  Serebryakov,  M.E.,  "Interior  Ballistics,"  Moscow  19^9,  translated  at 
Catholic  University  of  America  under  Contract  NORD  10,  260 

7.  CPIA,  "Solid  Propellant  Manual,"  Chamical  Propulsion  Information  Agency, 
Johns  Hopkins  University,  Silver  Spring,  Md,  1965  (Confidential). 

8.  "Internal  Ballistics,"  Philosophical  Library,  New  York,  1951. 

9.  "Interior  Ballistics  of  Guns,"  U.  S.  Army  Materiel  Command  Pamphlet 
706-150,  February  I965. 

10.  Heiney,  O.K. ,  "A  New  Computer-Oriented  Formulism  for  Gun  Ballistics," 
Volume  II,  3rd  ICRPG/AIAA  Solid  Propulsion  Conference  Proceedings,  CPIA 
Publication,  April  1968. 


36 


UNCLASSIFIED 

Security  Clmific»tion 


l2a.  REPORT  SECURITY  CLASSIFICATION 


DOCUMENT  CONTROL  DATA  -  R  &  D 

(Sacufltv  eta»atllcatioa  ot  tltla,  6 *xty  ol  abstract  and  Indaaing  annotation  mu»t  ba  antarad  whan  tha  orarall  raport  la  elaaatllad) 


*  ORIGINATING  activity  (Cofporata  author) 

Air  Force  Armament  Laboratory 
Air  Force  Systems  Command 
Eglin  Air  Force  Base,  Florida 


UNCLASSIFIED 


26.  GROUP 


J  REPORT  TITLE 


ANALYTIC  AND  EXPERIMENTAL  INTERIOR  BALLISTICS  OF  CLOSED  BREECH  GUNS 


4  DESCRIPTIVE  NOTES  (Typa  ol  report  and  Inclutlaa  datan) 

Final  Report 


S  au  tmDRiSi  (Ftr*t  naata,  middla  Initial,  laat  nama) 


Heiney,  Otto  K. ,  1st  Lt,  USAFR 


S  REPON  T  OAT£ 

May  1969 


•a  CONTRACT  OR  GRANT  NO. 


b.  PROJECT  NO  62^  509V2560 


7 a.  TOTAL  no  of  PAGES  76.  NO  OF  REFS 

46  10 


t a.  ORIGINATOR'S  REPORT  NUMBEPIS) 


AFATL-TR-69-42 


ab  OTHER  REPORT  NOISI  (Any  othar  numbara  that  may  ba  aaalgnad 
thla  report; 


10  oi*t«isution  iTATCMCNTThig  document  is  subject  to  special  export  controls,  and  each 

transmittal  to  foreign  nationals  or  foreign  governments  may  be  made  only  with  prior 
approval  of  the  Air  Force  Armament  Laboratory  (ATWG),  Eglin  Air  Force  Base,  Florida 
32542. 


11  supplementary  notes 


Available  in  DDC 


12  SPONSORING  military  activity 

Air  Force  Systems  Command 
Andrews  AFB,  Wash,  DC  20331 


A  closed  breech  incremental  interior  ballistic  formulism  is  presented  along  with  a 
Fortran  4  computer  program  which  utilizes  the  system.  Typical  input  and  output  data, 
both  plotted  and  tabular,  are  included.  A  unique  characteristic  of  the  system  is 
that  it  avoids  the  inaccuracies  associated  with  approximate  analytic  propellant 
regression  expressions  in  that  regression  rates  are  determined  by  a  tabular  routine. 
Various  pressure  gradient  expressions  are  investigated.  Correlation  of  the 
mathematical  model  and  computer  predictions  to  experimental  device  firings  are 
presented.  A  shock-dr* ven  deflagration  effect  which  may  be  initiated  during  the 
ignition  transient  is  described  and  a  postulated  correlation  parameter  defined. 


DD  ,".“.1473 


UNCLASSIFIED 

Securin'  Classification 


UNCLASSIFIED 

Security  Classification 


